The formation of arteriosclerotic fibromusculoelastic intimal thickening following arterial de-endothelialization is well documented. Recent findings, both in vitro and in vivo, suggest that platelets are a major participant in the pathogenesis of this lesion by releasing a mitogen to medial smooth muscle cells (SMC). This mitogen results in SMC migration to and proliferation within the intima. A similar mitogen has been described as originating in brain and pituitary tissue. We now report that, in hypophysectomized rats with normal platelet counts, intimal hyperplasia is markedly delayed; pair-fed intact controls normally develop lesions. It therefore appears that the pituitary gland plays a significant role in the experimental arteriosclerotic response.
ARTERIOSCLEROTIC plaque formation proceeds by the intimal accumulation of cells and extracellular connective tissue that progressively narrows the vessel lumen. Vascular smooth muscle cells (SMC) appear to play the major role in this proliferative process; they migrate lumenally from the vessel media, through the internal elastic lamina following endothelial cell injury, 1 ' 2 proliferate, 3 and have demonstrated the in vitro ability to synthesize many extracellular connective tissue proteins found within the matrix of the arteriosclerotic plaque. 4 ' 5 Therefore, influencing SMC migration and proliferation following endothelial cell injury should significantly affect development of the arteriosclerotic lesion.
Recent evidence indicates that platelets promote the proliferation of cultured SMCs, 6 ' 7 as well as migration and proliferation of SMCs after vascular intimal injury in vivo. 8 ' 9 This effect appears to be mediated via a mitogen carried by platelets and released with platelet adhesion. In addition, a mitogenic factor isolated from bovine brain and pituitary gland has been described, which promotes proliferation of fibroblasts in culture and which has biological properties similar to those of the platelet mitogenic factor. 10 ' " This similarity between mitogens led us to explore the in vivo role of the pituitary gland during the proliferative arterial response that follows endothelial cell removal.
Methods
Experimental animals were male Sprague-Dawley rats, weighing 250-300 g, half of which were hypophysectomized. They were purchased from a commercial breeder (Charles River Laboratories) and were allowed to acclimate for 2 weeks after arrival before further surgical procedures were performed. During this period, each rat received 6% glucose in its drinking water for the first 7 days, followed thereafter by tap water, ad libitum. The control (nonhypophysectomized) rats were pair-fed, and all rats were housed at 37°C throughout the entire experiment.
Confirmation of Hypophysectomy
Under ether anesthesia, the rats were first bled from their tails into heparinized vacutainer tubes (no. 3204KA; Becton-Dickenson) for plasma corticosterone levels, which served as an initial index of pituitary function. 1 ' 2 Each of the hypophysectomized rats had a plasma corticosterone level of less than 2 /ig/100 ml and was thus considered to be effectively hypophysectomized; pair-fed pituitary intact controls had plasma corticosterone levels greater than 15 /ig/100 ml. Further confirmation of hypophysectomy was obtained after the rats had been killed, when plasma corticosterone levels were again determined, as were the weights of adrenal glands and testes ( Table 1) .
Platelet Counts
A platelet count was performed for each rat prior to vessel de-endothelialization, and when the rats were killed. Free-flowing blood from the tail was collected into a 20-/xl capillary pipette and emptied immediately into a standard Unipette reservoir (no. 5855; Becton-Dickinson). Counts were performed by the method of Brecher and Cronkite. 13
Endothelial Cell Removal
Aortas from hypophysectomized and nonhypophysectomized rats were denuded of their endothelium by passage of an intra-arterial balloon catheter, according to a modification of the method developed by Baumgartner. 14 The procedure was as follows. An 8-mm segment of right femoral artery was isolated, and its distal portion was ligated with two no. 3-0 sutures. Several drops of topical lidocaine hydrochloride were used to facilitate dilation of the vessel. Traction was then placed on the proximal suture, and a small incision was made in the vessel, exposing the lumen. The incision was enlarged longitudinally so as to turn a vessel flap. A no. 2 French Fogarty Statistically significant reduction of organ weights in hypophysectomized rats confirmed the successful ablation of their pituitary glands. Means ± SD and P values from Student's Mest were obtained using the preprogrammed Hewlett-Packard 9805A statistics calculator. balloon catheter (Edwards Laboratory) was then inserted into the lumen and was passed via the right iliac artery and abdominal aorta to the thoracic aorta, at the level of the diaphragm. Once in place, the balloon tip was inflated with air to a pressure of 900 mm Hg and quickly brought back to the incision site. The balloon was then deflated, rotated to compensate for any balloon asymmetry, and returned to the thoracic aorta. The procedure was repeated twice to ensure complete removal of endothelial cells. Following the last passage, the balloon was withdrawn, the femoral artery ligated, and the wound site closed by traditional means. Aortas prepared in this manner were evaluated after 7 or 14 days of vessel healing. Twelve rats were in each of the experimental and control groups, at each time interval.
Morphological Techniques
Before being killed, each rat was again anesthetized with ether, and 2.5 ml of Evans blue dye were injected intravenously; 15 30 minutes later, it was killed by an intravenous overdose of pentobarbital sodium, followed immediately by intracardiac perfusion of 2.0% paraformaldehyde-2.5% gluteraldehyde in 0.1 M cacodylate buffer, pH 7.4, at a pressure of 100 mm Hg. 2 After 30 minutes of this perfusion-fixation, the entire aorta was removed by sharp dissection and was immersed in fixative for an additional hour at 25°C. Following fixation, the vessel was cleaned of its adventitial connective tissue, opened along its ventral surface, and pinned out as an open-aorta preparation (Fig. 1 ). Evans blue dye served to identify areas re-covered by endothelial cells in 1 or 2 weeks after balloon de-endothelialization. 15 Sections of aorta, approximately 3 mm thick, from comparable blue (Evans blue permeable) and white (Evans blue impermeable) regions of the abdominal and thoracic aorta, from both nonhypophysectomized and hypophysectomized rats, were selected for histological evaluation and were processed as previously described. 15 One-micron Epon-embedded sections were cut with an MT-2B ultramicrotome (Sorvall Instruments) for light microscopy and were stained with basic fuchsin-methylene blue. 16 Each section was examined, and the maximum intimal thickness in SMC layers was measured."
Extent of Re-endothelialization
To determine whether pituitary ablation altered endothelial cell regrowth from branch sites, 15 
a standard area from open-aorta preparations between the abdominal trifurcation and the diaphragm, was photographed with a FIGURE 3 Light photomicrographs of blue and white regions of aorta from rats 1 week following balloon injury. Basic fuchsin-methylene blue. Final magnification, 1100*.. A: Blued region from control shows a smooth muscle cell plaque above the internal elastic lamina (arrow), facing the lumen (L). B: White region from control shows a smooth muscle cell plaque with endothelial cells (EC) at the lumenal surface. C: Blued region from hypophysectomized rat shows platelets (P) lining the internal elastic lamina, without neointimal hyperplasia. D: White region from hypophysectomized rat shows a monolayer of endothelial cells directly overlying the internal elastic lamina.

FIGURE 4 Light photomicrographs of blue and white regions of aorta from rats 2 weeks after balloon injury. Basic fuchsin-methylene blue. A: Blued region from control shows a smooth muscle cell plaque above the internal elastic lamina (arrow), facing the lumen (L), 1100*. B: White region from control shows a smooth muscle cell plaque with endothelial cells (EC) at the lumenal surface I800X-. C: Blued region from hypophysectomized rat shows platelets (P) lining the internal elastic lamina, without neointimal hyperplasia, 1 lOOx. D: White region from hypophysectomized rat shows a monolayer of endothelial cells directly overlying the internal elastic lamina, 1800x.
Polaroid MP-4 camera (Polaroid Corp.) at a magnification of 3x. Blue and white areas then were traced on a sheet of cleared x-ray film, which was cut out and weighed. The total combined weights of all blue and white areas served as a measure of total surface area. The total combined weights of all white areas compared to the total surface area gave the percentage of aorta which had been reendothelialized (Fig. 2) .
Results
Platelet Counts
Platelet counts performed prior to vessel de-endothelialization and at the time the rat was killed did not differ appreciably in either the control (nonhypophysectomized) or experimental (hypophysectomized) groups, and were between 900,000 and 1,100,000/mm 3 for all rats. VOL. 42, No. 5, MAY 1978
Macroscopic Observations: Evans Blue Dye Permeability
Evans blue dye is a nontoxic tracer which complexes with serum albumin and penetrates nonendothelialized intimal surfaces to stain them blue; areas covered by endothelium are impermeable to the dye complex and remain unstained. 15 At 1 week post-ballooning, in both control and hypophysectomized rats, white (unstained) re-endothelialized regions were found to surround ostia of branch vessels of the aorta; these were sharply demarcated from blue (stained) areas more distant from branch orifices (Fig. 1) . The total re-endothelialized area was similar in control and hypophysectomized rats (Fig. 2) . Similar results were found 2 weeks post-ballooning. Both the control and experimental groups showed a progressive and similar extension of white areas (Fig. 2) .
Morphology and Morphometrics
The histology of both blue and white regions was strikingly different between control and hypophysectomized rats 7 days post-ballooning. Whereas control animals developed typical fibromusculoelastic intimal lesions (Fig. 3) , the hypophysectomized rats showed no intimal hyperplasia in either blue or white regions. The exposed internal elastic lamina from hypophysectomized rats was covered by a platelet monolayer, and re-endothelialized regions were covered by a single layer of endothelial cells directly apposed to the internal elastic lamina (Fig 3) . At 2 weeks, the difference was preserved and amplified. Control rats presented further advancement of the arteriosclerotic lesions in all areas examined; hypophysectomized rats remained lesion free (Fig. 4 ). Mean maximal numbers of cell layers found in blue and white regions from control and hypophysectomized rats 1 and 2 weeks after balloon injury are summarized in Figure 5 .
Discussion
The present findings indicate that pituitary removal inhibits the typical arteriosclerotic fibromusculoelastic lesion which develops in rats following de-endothelialization I week 2 weeks Time by passage of an inflated intra-arterial balloon catheter. The inhibitory effect of hypophysectomy is quite specific: smooth muscle cell hyperplasia is absent, but endothelial cell regrowth proceeds normally.
De-endothelialization of an artery is followed by platelet adhesion to exposed subendothelial connective tissue. Platelets have been shown to possess a mitogenic factor which promotes the growth and proliferation of vascular smooth muscle cells in vitro." 17 In addition, platelets also have been implicated as playing an integral role in the migration and proliferation of SMCs following vascular intimal injury in vivo. 8 -9 ' l8 However, inhibition of plaque formation follows hypophysectomy despite normal platelet numbers and apparently normal adhesion of platelets to exposed thrombogenic intimal surfaces.
Gospodarowicz and Moran 10 -" have described a low molecular weight polypeptide which acts as a mitogenic agent on cultured fibroblasts. This "fibroblast growth factor" behaves similarly to a platelet factor on fibroblast cultures, as reported by Rutherford and Ross, 7 and has many biological properties which appear similar when compared to the platelet factor described by Ross and colleagues. 5 The experiments reported here extend the tissue culture findings of earlier investigators to the intact animal. Although the inhibitory effect of hypophysectomy appears to be directed against SMC proliferation following intimal injury, the manner by which hypophysectomy achieves this effect is by no means fully understood. One possible pathway may be through a pituitary-derived and platelet-transported factor which participates in the mediation of the arteriosclerotic response.
